PROBABILISTIC FINITE ELEMENTS (PFEM) 

APPLIED TO STRUCTURAL DYNAMICS AND FRACTURE MECHANICS 
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OBJECTIVES OF PFEM PROGRAM: 
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SLIDE 2 




An outline of the schema in applying probabilistic finite elements is shown on this slide. 
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probabilistic finite elements, where a second-order moment method has been used 
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The starting point for the development of the probabilistic finite element method is the Hu- 
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SECOND MOMENT METHOD OPERATORS FOR 
FORMULATING PROBABILISTIC FINITE ELEMENTS 
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The development of the probabilistic finite element method is based on a second-order moment 
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The governing equations for the system can then be written as follows. The mean value 
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The number of equations to be solved is summarized in this slide. The mean values are 
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The two-degree-of-f reedom problem was solved by three methods: 
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This slide shows the variance in the displacement at node 1 as predicted by the three 
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This example is far more complex and involves strong nonlinearities because the yield stress 
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This shows the mean displacement at node 1, which again has been calculated by the 
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This shows the variance in the displacement at node 1 for this nonlinear example 
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This shows the way displacement output would be presented to a typical user of 
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This slide shows a similar representation for the stress in element no. 1. This can be seen 


O 


UJ 

O 




, — 



1 — 

> 


03 

i— 



4-> 



cr 


CO 

cu 



33 


cr 

cr 


O 

cu 


o 

to 


a' 

X3 


to 

rs 



oo 


m 



r — t 



• 

• 



CO 


-M 

to 


3 

a) 


C 

c 


XT 




CO 



XJ 



t — 



OJ 


“C 

*p— 


a> 

>> 


-M 



<0 

cu 


•t— 

xr 


4-> 

+-> 


•r— 



CT 

cr 

• 

*r— 

*i — 

CO 



cu 

00 

CO 

to 

•r— 

•1 — 

00 



<U 

>> 

to 

L_ 


to 

+-> 

• i — 

CD 

CO 

O 

c 


*r— 

E 

<U 


o 

xr 

CO 

"O 

-»-> 

03 

c 


r — 

03 

c 

Q- 

£_ 

•i — 

i — 

>> 

<U 

•r— 

i — 

OO 

-M 

CT 

cr 

cr 

o 

03 

3 


c_ 


cu 


• 

xr 

cu 

cu 

-m 

cn 

to 


£— 

cr 

a' 

03 

c 

CO 

r— 

CL 

33 


to 

<T3 

>> 

<u 

O 



cu 

s 


XT 

03 

( U 


CZ 

J c 

r» 

o 

■M 

CL) 

CO 


E 

03 

<+- 

(O 

CU 

o 

CO 

t_ 

>, 

a) 

03 

c 

XT 


o 

J_3 

CO 

a—' 


4-» 

CO 

<U 

u 

■ r— 

C_ 


XT 

03 

T— ! 



OJ 

cu 

to 


E 

CU 

Q_ 

•r— 

CO 



C3 

-c 


o 

o 

a) 

Cl 

XT 

_cr 

to 

X-> 

+-> 

a> 

cu 


c_ 

E 

E 



O 

a> 

CU 

c 

JC 

XT 

4- 


-O 


9j3 



CANTILEVERED SHELL: "TURBINE BLADE SIMULATION 
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This figure shows a simplified model of a turbine blade which has randomness both in the 
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COEFFICIENT OF VARIATION (C.O.V) 




This slide shows the expected value of the displacement at node a, labeled "expectation 
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COMPUTATION TIME (Hu-Washizu V.P 
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Note: Zeroth Order Eqn. is Nonlinear Whereas 

the First and Second Orders are Linear 


To provide some guidelines as to why Monte Carlo simulation cannot be used for problems of 
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PROPOSED WORK 
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This slide summarizes the work which is proposed in the continuation of this grant. The 
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